with its heterogeneous population of nephrons provides a unique model for studying the regulation of individual nephron function. The bird kidney contains nephrons that resemble those found in mammalian kidneys and nephrons that resemble those found in reptilian kidneys.
The reptilian-type (RT) nephrons are located superficially in the kidney, empty at right angles into collecting ducts, and do not function together to contribute directly to the concentrating mechanism of the kidney. The mammalian-type (MT) nephrons are situated deep compared to the RT nephrons. They have long loops of Henle bound together with vasa recta and collecting ducts into medullary cones. This arrangement, as in mammalian kidneys, appears to permit the avian kidney to produce a concentrated urine (5, 16) . The details of these anatomical relationships have been described previously (2) l In previous work with desert quail Lophortyx gambelii, we measured the single-nephron glomerular filtration rates (SNGFR) of both MT and RT nephrons using a modified sodium ferrocyanide technique (2, 3). During a control intravenous infusion of 2.5 % mannitol solution, the filtration rates of individual MT nephrons were more than twice those of individual RT nephrons. 
RESULTS
Effects of water loading on plasma osmolality and sodium and potassium concentrations. Hydration of the birds with the dilute infusate resulted in a marked decrease in total plasma osmolality ( Fig. 1 ). Although the birds had free access to water at all times prior to the experiments (see METHODS), the plasma osmolality before the start of the intravenous infusion averaged 479 & 17.1 mosmol (Fig. 1 ). This value decreased to about 355 mosmol after 75 min of infusion, when about 5 ml of infusate had been given, and remained 0.4 ml/kg per min. This infusion was started without any radioactivity when the brachial vein was first cannulated. burg, N. Y. ; sp act 10.9 pCi/mmol) was given followed by a sustained infusion of 20 &i/ml in the intravenous infur 500-sion. At least 40 min were allowed for equilibration of the T E isotope before the clearance periods were started, Three IO-min clearance periods were taken. By the end of the clearance periods the birds had received 180 min of the intravenous infusion. At the end of the clearance periods, a final arterial blood sample was taken, the body cavity was opened rapidly, and a bolus of 15 ~1 of a saturated sorution of nonradioactive sodium ferrocyanide was injected as a single pulse into the left posterior renal artery through a cannula placed in the left sciatic artery. (Fig. 1) .
The plasma sodium concentration also decreased after the infusion of 5-10 ml of dilute fluid (Fig. 1) . At this time, the sodium concentration had decreased from an initial value of 187 meq/liter to 158 meq/liter. The plasma sodium concentration actually returned to the initial level when IO-1 5 ml of infusate had been administered and remained at this level during the rest of the infusion period (Fig. 1) .
The plasma potassium concentration followed a pattern of change similar to that of the plasma sodium concentration during the period of infusion of the dilute glucoseNaCl solution (Fig. 1) . Th e initial potassium concentration was 8.7 =t 0.95 meq/liter. The concentration decreased to 7.8 =t 1.23 after 5-10 ml of the infusate had been administered.
As with the sodium concentration, the plasma potassium concentration returned to the initial level during the time when the total fluid infused increased from 10 to 15 ml ( Fig. I )+ In contrast to the plasma sodium concentration, however, the plasma potassium concentration again decreased to 7.7 rt: 0.72 meq/liter as the total volume of fluid infused increased from 15 to 20 ml (Fig. 1) .
The decrease in plasma osmolality was greater than could be accounted for by the combined decreases in plasma sodium and potassium concentrations. Plasma osmolality decreased 124 mosmol from the initial level to that after the infusion of 10 ml of dilute glucose-NaCl solution.
The maximum decrease in osmolality that could be attributed to the decreases in plasma sodium and potassium concentrations was about 60 mosmol. Moreover, the plasma sodium and potassium concentrations returned to the initial level while the plasma osmolality remained depressed during the continued infusion.
Eiiiz&m Control 1 2 3 Clearance Period Efects of water loading on ghnerular Jiltration rates, urine flow, and free-water clearance. Three IO-min clearance periods were taken in the experiments in which the single-nephron as well as the total-kidney glomerular filtration rates were measured.
The first period was taken an average of 180 min (11.8 ml infused) after the start of the infusion. An average of 14.9 ml of infusate had been given by the end of the third period. during the first clearance period.
The GFR during this period was 157 % of the GFR observed previously during the infusion of 2.5 % mannitol (2) (Fig. 2) . Th e increase over the mannitol control is significant at the 0.001 level of probability. The GFR remained at the increased level during the second and third clearance periods (Fig. 2) In spite of the high GFR, the urine flow rate was low (Fig. 2) . The urine flow rate during the first clearance period was 0.104 & 0.018 ml/kg per min (mean Z!Z SE for 8 animals).
This was only 56 % of the urine flow rate (0.186 & 0.008 ml/kg per min) observed previously during the mannitol diuresis (2) (Fig. 2) . The difference in flow rate from the mannitol control is significant at the 0.01 level of probability.
The flow rate tended to decrease further during the second and third clearance periods, but the additional decrease was not statistically significant (Fig. 2 ). With this low urine flow, the birds only excreted an average of 79 % of the fluid infused during the three lo-min clearance periods (Table  1) . However, two of the birds (17123 and 2444) excreted over 100 % of the fluid infused and two others (2814 and 144) excreted most of the fluid infused. These four birds were in a slight water diuresis, producing a slightly hyposmotic urine and a positive freewater clearance (C&* However, the largest positive free-water clearance observed was only 5 % of the filtration rate. The remaining four birds excreted a much smaller fraction of the fluid infused (Table  1) . One animal (1644) excreted only 38 % of the infusate. Some of the infusate not excreted by these birds appeared to be sequestered within the water-loading experiments compared with about 94% the interstitial fluid compartment, and the birds were during the previous mannitol experiments. edematous at the end of the infusion. These four birds The fraction of filtered potassium excretion during water produced a slightly hyperosmotic urine and a slightly negaloading was significantly (P < 0,001) greater than that tive free-water clearance.
The mean free-water clearance during the infusion of 2.5 % mannitol (Fig. 3) , About 60 % for all birds, however, was slightly positive. It averaged of the filtered potassium was excreted during water loading about 2 % of the glomerular filtration rate during the first compared with about 20 % during the previous studies clearance period (Fig. 2) + This was slightly, but not sigwith a mannitol infusion (2). nificantly, greater than the relative free-water clearance As might be expected from the low urine flow and rela-(1.6% of GFR) b o served previously during the mannitol tive free-water clearance noted above, most of the filtered diuresis (2). During-the second and third clearance x>eriods water was reabsorbed in the present experiments. The the aver,,e free-later clearance decreased to 1 %'of the glomerular filtration rate (Fig. Z) , but this change was not statistically significant.
percent of filtered water reabsorbed during water loading was significantly (P < 0.001) greater than that observed previously during a 2.5 % mannitol infusion (2) (Fig. 3) . About 93 % of the filtered water was reabsorbed during water loading compared with 78 % during the mannitol infusion effects of water loading on fractional excretion of sodium, POtassium, and water. The experimental birds excreted a significantly (P < 0.001) smaller fraction of filtered sodium during water loading than birds previously subjected to an infusion of 2.5 mannitol (2) (Fig. 3) . More than 99 % of the filtered sodium was reabsorbed by the birds during
Control
Effects of water loading on single-nephron glomerular filtration rates. The SNGFRs were measured by the sodium ferrocyanide technique in three of the eight birds that were water loaded. In two of these three birds the SNGFRs were very similar ( The mean values for the SNGFR of the reptiliantype nephrons in these two birds also did not differ significantly (Table 2) . However, the mean SNGFR for the MT nephrons in bird 1723 was significantly (P < 0.001) higher than that in the other two birds ( Table 2 ). The mean SNGFR for the RT nephrons in bird 1723 was also significantly (P < 0.01) higher than that in the other two birds (Table 2) . When the results of the three water-loading experiments are combined, the mean SNGFRs are 33.2 nl/min and 11.4 nl/min for the MT and RT nephrons, respectively (Table 2) . These values and the mean values for each individual water-loading experiment are significantly (P < 0.001) g reater than the corresponding values obtained previously during a 2.5 % mannitol infusion or after the administration of 10 ng of arginine vasotocin per (Table 2) . Also, in contrast to the situation during the mannitol diuresis or after the administration of AVT, the blue band of nonradioactive ferrocyanide precipitate was found in every RT nephron examined and all RT nephrons appeared to be filtering (Table 2) .
DISCUSSION
Effects of water load on #asma osmolahty and electrolyte concentrations. The osmolality of plasma samples taken before the onset of the intravenous infusion of the dilute glucosesaline solution was 479 mosmol. The plasma osmolality that we previously reported for the desert quail (2) was some 100 mosmol lower than the value reported in the present study. However, the previous value was a mean value for blood samples taken during the infusion of 2.5 % mannitol, whereas the present value is for blood samples taken before the onset of the intravenous infusion of the dilute glucosesaline solution, McNabb (10) reported a value of 340 mosmol for the plasma osmolality of desert quail drinking distilled water and a value of 348 mosmol for birds that were naturally dehydrated to about 85 % of their original body weight by the withholding of drinking water. With severe salt loading, the plasma osmolality of desert quail reached 500 mosmol (2). The plasma osmolalities of domestic chickens and other domestic birds are also much lower than the values reported here for the quail. The reason for the high initial plasma osmolality in these birds is not clear. It may indicate a naturally reduced plasma or total extracellular fluid volume compared with other birds since these quail were maintained in outdoor aviaries exposed to natural conditions with free access to water prior to the experiments.
This may be one adaptation to the desert environment since these birds have been observed to survive well in the desert without free water to drink (8). It is also of interest to note that, in McNabb's study (9), desert quail rehydrated themselves to 94 % of their initial weight in the first day that drinking water was provided after they had been dehydrated. In the present study, the plasma osmolality dropped to 355 mosmol after 10 ml of the dilute infusate had been administered.
The plasma osmolality did not decrease further as the intravenous infusion continued (Fig. 1) . During this time the urine flow did not increase and was actually lower than the urine flow observed previously during the infusion of 2.5 % mannitol.
As pointed out above, the birds appeared to become edematous as the infusion of the dilute glucose-saline solution progressed. The distribution of fluids within the various fluid compartments was not measured in the current study.
In most terrestrial vertebrate species, the plasma sodium and potassium concentrations together with their associated anions account for almost all of the plasma osmolality. For the desert quail in the present study, this was not the case. The total plasma sodium and potassium concentrations did not account for total plasma osmolality.
Moreover, the total plasma osmolality decreased more than could be accounted for by the decrease in plasma sodium and potassium concentrations.
The factors responsible for these discrepancies have not been determined.
The potassium concentration measured in the plasma of desert quail is about double that normally found in the plasma of mammals.
There was no evidence of hemolysis in the samples, and we have no reason to doubt the accuracy of the determinations. Moreover, similar values have been reported for other avian species (17). In addition, the diet of the desert quail is primarily one of seeds, which are high in potassium content.
Efects of water load on renal function. In the present study, the total-kidney GFR, the SNGFR, and the number of filtering RT nephrons were significantly higher during an acute infusion of a water load than during the previous infusion of a 2.5 % mannitol solution at the same rate (2, 3). A much less significant increase in total-kidney GFR was observed by Skadhauge and Schmidt-Nielsen (15) when unanesthetized chickens were hydrated orally after 36 h of dehydration.
The total-kidney GFR in anesthetized chickens during infusion of a dilute solution similar to that used in the present study was somewhat higher than that observed in the unanesthetized, hydrated birds (1). It should be pointed out that, since the sodium ferrocyanide technique does not permit evaluation of the SNGFR in the same animals before and after an experimental manipulation, the values during a water load in the present study had to be compared with values determined during a mannitol diuresis in other animals. It could be argued that the total-kidney GFR and the SNGFR might have been naturally higher in the present animals than in the previous ones. However, the desert quail studied previously had been caDtured and maintained under the same conditions as th> present animals.
In all the animals in the earlier studies the total-kidney GFR and urine flow were virtually identical during the mannitol infusion (2, 3). In previous work (3), we found that arginine vasotocin, the naturally occurring avian antidiuretic hormone, depressed total-kidney GFR and reduced the number of filtering RT nephrons even in small, probably physiological, doses. Some circulating AVT would be expected to be present during a mannitol infusion. Therefore, the increased total-kidney GFR, SNGFR, and number of filtering RT nephrons during the acute water load compared with the mannitol infusion may indicate that the release of AVT was suppressed by the water load. However, the urine flow rate during the water load was only 56 % of that during the mannitol diuresis. Since a high urine flow rate could have resulted simply from the osmotic effect of the mannitol, it is even more significant that, in the present study, an average of only 79 % of the water load was excreted. Moreover, the free-water clearance averaged only l-2 % of the glomerular filtration rate and did not differ significantly from that during a mannitol diuresis (2, 3). Only 7 % of the filtered water was excreted during the water load compared with 22 % during the mannitd infusion (2). A similar water load in anesthetized chickens (1) produced an osmolar urine-to-plasma ratio of ibout 0.3, a free-water clearance of about 8 % of the glomerular filtration rate, and an excretion of 12 % of the filtered water. In unanesthetized chickens (15), oral hydration produced a free-water clearance as high as 30 % of the glomerular fikra-tion rate and led to an average excretion of about 25 % of the filtered water. In these studies with chickens, most of the increase in urine flow with oral hydration (1,500 % in unanesthetized animals) or intravenous water loading appeared to result from a decreased permeability of the renal tubules to water rather than a significantly increased glomerular filtration rate. This also appears to be in agreement with the observations that small doses of AVT had a tubular rather than a glomerular effect in this species (1). In previous work on desert quail (3), we observed tubular effects of AVT only with high, probably pharmacological, doses. We felt that the hormone may not have produced an obvious tubular response because the animals were not in a sufficient water diuresis. However, in the present study, a water load with its attendant depression of plasma osmolality failed to produce a marked water diuresis despite a high GFR. Even if the primary effect of AVT is to control GFR in these animals, the increased GFR in the present study should have produced a marked diuresis unless some other factor enhanced tubular reabsorption.
It is also possible that the release of AVT from the neurohypophysis was not suppressed by the water load and that the increase in GFR resulted solely from a marked expansion of vascular volume. Even in this case, however, the diuresis should have been more marked.
In the present study, less than 1 % of the filtered sodium was excreted compared with about 6 % during the mannito1 diuresis in the previous study (2). Although a greater excretion of sodium would be expected during a mannitol diuresis, the reabsorption of more than 99 % of the filtered sodium in the present study is somewhat more than one might expect in a well-hydrated domestic fowl (14). About 60 % of the filtered potassium was excreted in the present study compared with about 20 % during a mannitol diuresis (unpublished observations)* Although the p1asma potassium concentration was very high in the present study, it was also high in the birds studied previously (6.6 =t 0. 
